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BN-PAGE: Blue native PAGE; 考马斯亮蓝非变性聚丙烯酰胺凝胶电泳 
CN: China isolate (of white spot syndrome virus); （WSSV）中国株 
DDM: n-dodecyl-β-D-maltoside; 十二烷基-β-D-麦芽糖苷 
eGFP: enhanced Green Florescent Protein; 增强型绿色荧光蛋白 
MALDI-TOF MS: matrix-assisted laser desorption ionization-time of fligt Mass 
spectrometry; 基质辅助激光解析电离-飞行时间质谱 
MPC: multi-protein complex; 蛋白复合体 
NCBI: National Center for Biotechnology Information; 美国国家生物信息学中心 
RGD: Arginine-Glycine-Aspartic acid motif; 精氨酸-甘氨酸-天冬氨酸结构域 
TEM: transmission electron microscopy; 透射电子显微镜 
TH: Thailand isolate (of white spot syndrome virus); （WSSV）泰国株 
TM: transmembrane; 穿膜 
TW: Taiwan isolate (of white spot syndrome virus); （WSSV）台湾株 
WSSV: white spot syndrome virus; 对虾白斑综合症病毒 

















摘  要 
 
对虾白斑综合症病毒（white spot syndrome virus, WSSV）属于线形病毒科
（Nimaviridae）白斑病毒属（Whispovirus），是一种具有囊膜、无包涵体的大型
双链环状 DNA（~300 kb）病毒，是对虾和其他甲壳类动物的重要病原物。自从














膜蛋白复合体组 显著的特征是多数复合体都含有 VP26 和 VP24，说明他们可
作为轴心蛋白来募集低丰度膜蛋白，且在蛋白复合体的形成中起到关键作用。另
一方面，轴心蛋白 VP26 和 VP24 与另两种主要膜蛋白 VP28 和 VP19 相互作用
以构成病毒囊膜的基本框架结构。此外，我们得到了的数个低丰度膜蛋白之间相
互作用的初步证据，例如 VP52B/VP38/VP33 和 VP12/VP150。基于以前的报道
和我们的结果，我们提出了一个 WSSV 囊膜形成的可能机制。 
(2) 为研究 WSSV 膜蛋白的自发包装过程，使用 0.8% CHAPS 去污剂溶解制




























    (3) 为构建重组 WSSV，将 eGFP 分子整合到 WSSV 表面膜蛋白上以便于研
究病毒的侵染过程，我们进行了使用体内同源重组的方法改造 WSSV 基因组的
尝试。 






















As the sole member of the monotypic family Nimaviridae, genus Whispovirus, 
white spot syndrome virus (WSSV), an enveloped ellipsoid circular double-stranded 
DNA (about 300 kb) virus, is a highly virulent pathogen for shrimp and other 
crustaceans. Since white spot disease first broke out in Asia in the early 1990s, three 
geographic WSSV isolates had been sequenced. Although the principal protein 
components of the virion are increasingly well understood, little is known about the 
organization of the viral envelope proteins and how they interact each other and with 
other components of the virion. Besides, in the process of WSSV assembly, the 
envelopement process is very quick, all the capsids have been enveloped once they 
are produced. Since no susceptible cell line for the propagation of WSSV is available, 
the knowledge about WSSV envelopement process is only limited to the subjective 
analysis on the electron microscopy of infected tissues, no commonly accepted model 
of the envelopement process have been proposed by now. 
Concentrating on the WSSV envelope and the protein complexes therein, this thesis 
contains the following three parts: 
(1) For a better understanding and more global vision of WSSV envelope structure, 
we attempt to use blue-native polyacrylamide gel electrophoresis (BN-PAGE) and 
SDS-PAGE combined with mass spectrometry to analyse WSSV envelope protein 
complexome. The results showed that many multi-protein complex (MPCs) were 
visualized by BN-PAGE, including three most abundant bands and several 
low-abundance bands, suggesting that the viral envelope consists of multiple MPCs 
interacting with each other. Using two-dimensional BN/SDS-PAGE, we found that 
VP19 exists as homotrimer, while VP28 mainly exists as homotetramer and 
homotrimer. The most notable feature is that the majority of MPCs include VP26 and 
VP24, suggesting that they may serve as hub proteins for the recruitment of 
low-abundance envelope proteins to MPCs and play crucial roles in the process of 
protein complex formation. On the one hand, hub proteins VP26 and VP24 interact 
with two major proteins VP28 and VP19 to form the basic framework structure of the 
viral envelope. Besides, we also obtained preliminary evidence for interactions 
between several low-abundance envelope proteins, such as VP52B/VP38/VP33 and 















mechanism of WSSV envelope formation. 
(2) We found that WSSV envelope fraction solubilized in CHAPS could 
self-assemble into functional envelope-like structures (ELS) when the detergent was 
dialyzed out. These ELS could assist the naked nucleocapsids regain infectivity, 
implicating that some important factors in the intact envelope could be reconstituted 
into the ELS and function separately but cooperatively with the nucleocapsids to 
infect the host. In contrast, ether-delipidated envelope proteins could only form naked 
skeleton structures with surface protrusions that might be composed by major 
envelope protein complexes. Delipidation also caused a portion of envelope protein 
complexes to dissociate from the skeleton and aggregate into ring- and rod-shaped 
particles. Neither kind of the delipidated structures could assist the naked 
nucleocapsids to infect the host, showing that lipids are indispensible in maintaining 
proper structure and functions of the envelope. Based on these facts, we proposed a 
possible envelopement process of WSSV, in which envelope proteins carrying lipids 
assemble onto the capsid directly rather than forming vesicles first and then enwrap 
the capsids. 
(3) In order to construct the recombinant WSSV with eGFP molecule integrating on 
the WSSV surface envelope protein, we tried to modify the WSSV genome by the 
method of homologous recombination.  
In sum, our study on WSSV envelope protein complexes and the auto-assembly of 
the envelope lay important foundations to understanding the viral structure, infection, 
and assembly, and will provide scientific references for developing effective WSSV 
therapy and prevention techniques. 
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